INTRODUCTION
Glabridin is a pyranoisoflavan isolated from licorice. It has multiple pharmacological activities such as cytotoxic activity 1） and antimicrobial activity against Helicobacter pylori 2） , and methicillin-resistant Staphylococcus aureus 3） . It has estrogenic and antiproliferative activity in human breast cancer cells 4, 5） , and inhibits melanogenesis 6） , inflammation 7） , low-density lipoprotein oxidation 8） , human cytochrome P450s 3A4, 2B6 and 2C9 activities 9） , and nephritis 10） . It protects mitochondrial functions against oxidative stress 11） . Glabridin is the main compound in the hydrophobic fraction of licorice extract but is susceptible to oxidative degradation, which results in low bioavailability and loss of pharmacological activities under normal storage conditions. It is also insoluble in water at neutral pH 12, 13） . Therefore, emulsification technology maybe a good method to solubilize, encapsulate and protect this component.
Nanoemulsions are emulsion systems in the range of 50 to 200 nm. Because of their small droplet size, nanoemulsions appear transparent or translucent to the naked eye and possess good stability against sedimentation, coalescence, creaming and Ostwald ripening 14-16） . The character-istic properties of nanoemulsions are of interest for practical application. Nanoemulsions are used in cosmetics as personal-care formulations, in agrochemicals for pesticide delivery. In the pharmaceutical field, they are used as drug delivery systems for parenteral, oral, ocular or transdermal administration 17, 18） . Because nanoemulsions are non-equilibrium systems, they can be produced by high-energy emulsification, which provides energy in a short time and the largest homogeneous flow that can effectively reduce the droplet size 15） . High-pressure homogenization is extensively used in the food, pharmaceutical and biotechnology industries to emulsify, disperse, mix and process various products 19） . In a high-pressure homogenizer, the oil and water mixture is subjected to intense turbulence and shear flow fields. Turbulence is said to be the predominant mechanism 20） , although laminar shear and cavitation may also have important roles. Turbulence leads to the breakup of the dispersed phase into small droplets. The relative motion between the droplets results in their collision, thus leading to their coalescence. A dynamic equilibrium usually exists between breakage and coalescence. The shelf life of the emulsion, as well as the texture, greatly depends on the droplet size distribution, which can be adjusted by controlling the rate of droplet breakage and coalescence during emulsion formation. This control requires knowledge of the effect of operating parameters and formulation of the emulsion on droplet breakage and coalescence. Furthermore, the emulsification conditions significantly affect the quality of the formed nanoemulsions and ought to be systematically studied. Several publications have explored the parameters of emulsification on preparing nanoemulsions. For instance, β-carotene nanoemulsions was formed with 10％ Tween 20 by using high pressure homogenization 21） , their results showed that parameters such as homogenization pressure can significantly affect droplet size and size distribution. Li and Chiang reported the preparation of Dlimonene in water nanoemulsion by ultrasonic emulsification method using mixed emulsifiers of sorbitane trioleate and polyoxyethylene oleyl ether 22） , and indicated that applied power, emulsification time and emulsifier concentration had significant effects on the droplet size of nanoemulsions. Liu et al. studied the paraffin oil in water nanoemulsions with mixed emulsifiers Tween 80/Span 80 by using the emulsion inversion point method at different emulsification temperatures 23） . Their study showed that the emulsifier concentration significantly affects the droplet formation and stability of nanoemulsions.
We aimed to systematically investigate the effect of emulsifying conditions on the physicochemical properties of glabridin-in-water nanoemulsions with the smallest droplet size using response surface methodology （RSM） .
EXPERIMENTAL 2.1 Materials
Polyoxythylene sorbitan monooleate （Tween 80） and sorbitan monooleate （Span 80） was from Katayama Chemical Co. （Japan） , and were mixed at a ratio of 10:2 （w/w） for the emulsifier phase. Ultrapure water was from Milli-Q Plus system （Molsheim, France） . Glabridin was from Propagate Trading Co. （Taipei） . The oil phase consisted of 3％ glabridin in capric triglyceride （First Chemical Works, Taiwan） .
Nanoemulsions preparation
Nanoemulsions consisted of the oil phase, mixed emulsifier, and water phase. All emulsions were prepared in 2 stages. The coarse emulsions were prepared with use of a Polytron （PT-MR 3000, Kinematica AG, Littau, Switzerland） , and then further emulsified by use of a high pressure homogenizer （EmulsiFlex-C3, AVESTIN inc., Ottawa, Canada） . During emulsification, the difference in temperature from initial coarse emulsions to final emulsion was not more than 20℃. Each experiment was performed in triplicated.
Experimental design
Response surface methodology by a 3-factor-3-level BoxBehnken design was used to study the effect of the independent variables: oil phase concentration （X 1 ） , emulsifier concentration （X 2 ） and homogenization pressure （X 3 ） , on droplet size （Y） of the nanoemulsions. The independent variables used in the RSM design are listed in Table 1 . The experiments were designed according to the central composite design （CCD） with a 15 factorial and star design and 3 central points as shown in Table 2 . Individual experiments were carried out in a random order. A second-order polynomial equation was used to express the droplet size （Y） of the nanoemulsions as a function of the independent variables as follows:
where a 0 is a constant, and a i , a ii and a ij are the linear, quadratic and interactive coefficients, respectively. The coefficients of the response surface equation were determined by use of Statgraphics Centurion XV （StatPoint, Inc., 2005） .
Droplet size analysis
The droplet size of the nanoemulsions was determined by use of the dynamic light scattering using a Zetasizer Nano-ZS90 （Malvern Instruments, Worcestershire, UK） . The measurement was carried out at a fixed angle of 90° with the samples diluted approximately 1000 fold with use of Milli-Q water. Emulsion droplet size was estimated as the mean diameter of the volume distribution （MV） from 3 measurements. 
Transmission electron microscopic analysis
The morphologic features of the glabridin nanoemulsions were visualized by transmission electron microscope （TEM） . Samples （50 μL） were added to 200-mesh formwarcoated copper TEM sample holders （EM Sciences, Hatfield, PA） , then negatively stained with 50 μL of 1.5％ （w/v） phosphotungstic acid for 10 min at room temperature. Excess liquid was blotted with a piece of Whatman filter paper. The TEM samples were observed with use of the JEOL JSM-1200EX II transmission electron microscope （Peabody, MA） with a 20 μm aperture at 67 kV.
RESULTS AND DISCUSSION

Analysis of response surfaces
The droplet size of the glabridin nanoemulsions obtained from all the experiments are in Table 2 . The experimental data was used to calculate the coefficients of the quadratic polynomial equation, and the derived equation was then used to predict the values of droplet size of the nanoemulsions. The predicted values agreed well with the experimental values obtained from the RSM design. ANOVA showed that the resulting quadratic polynomial models adequately represented the experimental data with a coefficient of multiple determinations （R 2 ） of 0.945.
The coefficient estimates and the corresponding P-values for the polynomial equation suggested that all of 3 independent variables had a significant effect on the formation of glabridin nanoemulsions （P＜0.05） （Table 3） . The qua- . RSM allows researchers to conduct optimization study with ease as it helps to reduce the number of experimental trials required to as minimum as possible. We generated a surface response of the quadric polynomial model by varying 3 of the independent variables within the experimental range while holding another one constant at the central point. Thus, Fig. 1 was generated by varying the applied pressure and emulsifier content while holding oil content at 4％. Homogenization pressure can significantly influence the properties of emulsions, because pressure dependency of the shear forces and turbulence produced during homogenization, both pressure dependent, can affect the droplet size and size distribution. In this study, increasing the homogenization pressure resulted in a significant decrease in droplet sizes over the entire pressure ranges studied, which agreed with previous studies 19-23） . The initial average radius of the droplets declines from about 130 to 60 nm as the emulsifier concentration ranged from 3.0 to 5.0 wt％. Increasing the emulsifier concentration from 5.5 to 7.0 wt％ further lowers the droplet size to less than 50 nm in diameters. This can be explained by the added amount of emulsifier increases the total interfacial area and hence enables the stabilization of emulsion droplets at lower sizes 25） . Figure 2 was generated by varying the applied pressure and oil content while maintaining the emulsifier content at 5％. In general, the droplet size increased with increasing concentration of oil. Among the pressure range provided, a desirable threshold oil content that produces lower range of droplet size was shown at range between 3.0 and 4.0 ％. During high pressure homogenization emulsification, increasing of oil concentration can result in the increasing of amount of newly formed droplet, as well as increased extent of coalescence 26） . It is likely that once the threshold oil content is reached, the additional oil phase promotes the disruption of interfacial layer that initially stabilized by limited emulsifiers. Figure 3 was generated by varying the emulsifier and oil content while maintaining the applied pressure at 100 MPa. The droplet size increased with increasing of concentration of emulsifier, in that the newly formed droplet had sufficient emulsifier to stabilize the emulsion system. Our result agreed with those from previous studies 27-29） . When the concentration of emulsifier was＜4.5％, the size of the droplet increased. If the emulsifier concentration is low and the interfacial area generated during emulsification is large, a considerable amount of droplets will not have enough emulsifier to overcome coalescence. After emulsification, droplets will coalesce until the total interfa- Fig. 1 Response surface contour plot of the combined effects of pressure, emulsifier content and oil content on the formation of glabridin nanoemulsions: applied pressure and emulsifier content was processed at 4% oil contents. . The condition for the preparing glabridin nanoemulsions would be optimal with the smallest size of nanoemulsions droplets. Therefore, from the results we described above, we chose the oil and emulsifier contents of 3.7％ and 5.3％, respectively, as the optimal conditions, under homogenization pressure of 129 MPa. The droplet size distribution in the glabridin nanoemulsions at optimal conditions is in Fig.  4 . The droplet size distributions were unimodal and typically extended from 20 to 120 nm. Therefore, high-pressure homogenization emulsification can be used to produce glabridin nanoemulsions with diameter in the nanometer range by RSM.
Appearance of glabridin nanoemulsions
The glabridin nanoemulsions were translucent to the naked eyes. TEM was used to observe glabridin droplets in the nanoemulsions. Figure 5 shows phosphotungstic acid stained glabridin droplets visible by TEM, and the droplet size agreed with the results of droplet size analysis. In addition, TEM images showed discrete dark spherical outline with monodispersed size distribution of the glabridin nanoemulsions. Due to the advantages of extremely small droplet sizes, translucent appearance and very large dispersed phase surface-to-volume ratios, glabridin nanoemulsions should be attractive for cosmetics, pharmaceutical and food industries, as they may have the potentials to be readily absorbed by the skin, easily sterilized by filtration, and can deliver high concentrations of glabridin to the targets of interests. Further investigations are currently undergoing to elucidate the applications of glabridin nanoemulsions.
CONCLUSION
Use of RSM with a second-order polynomial model was sufficient to describe and predict the response of the droplet of glabridin nanoemulsions. The independent variables of homogenization pressure, oil and emulsifier content and the quadrics of the 3 variables had a significant effect on the droplet size of glabirdin nanoemulsions. We adopted an optimization method to determine the best emulsifying conditions. The optimal conditions for preparing glabridin nanoemulsions were predicted to be emulsifier （Tween 80＋Span 80） concentration 5.3％, caprylic triglycerides concentration 3.65％, and homogenization 
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